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Abstract 
Inner vessel in reactor assembly of pool type fast reactor separates hot and cold pool sodium. The shape of inner vessel is 
optimized with reduced upper & lower shell diameters and toroidal redan for future Fast Breeder Reactor (FBR). This results in 
higher buckling strength and reduced thickness and hence reduced weight. To achieve the intricate toroidal shape with specified 
dimensional tolerances, a comprehensive technology development exercise was undertaken for the manufacture of inner vessel 
sector. This paper discusses the details of development activities carried out towards manufacture of large size die and punch 
involving a number of trials, cold forming of sector of inner vessel, comprehensive global & local profile measurement using 
swing arm & other templates, and non-destructive examination. The achieved profile of the redan meets the specified 
dimensional and other design requirements. The successful completion of technology development activities for manufacture of a 
sector of inner vessel with innovative design features has demonstrated the indigenous manufacturing capability and given 
confidence for the design improvements incorporated.  
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1. Introduction  
 Reactor Assembly of future FBR (Fig. 1) houses the primary sodium circuit along with core. The various 
reactor assembly components are main vessel, top shield, core support structure, grid plate, primary pipe, inner 
vessel, thermal baffle, cooling pipes and core catcher.  All reactor internals are contained in a single vessel called 
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main vessel and it is closed by top shield. The main vessel holds the primary sodium coolant. Main vessel cooling 
system (comprising of thermal baffle and cooling pipes) is used to maintain the temperature of the main vessel 
within desirable limits in order to maintain its structural integrity. The sodium pool is divided into two parts viz. hot 
pool and cold pool by the inner vessel. The free level of sodium is topped with argon cover gas. The top shield 
comprises of small rotatable plug, large rotatable plug and roof slab. The roof slab supports various components, 
viz., primary sodium pumps, intermediate heat exchangers, decay heat exchangers etc. The top shield provides 
biological and thermal shielding from hot sodium pool in the upper axial direction of the reactor. The core 
subassemblies are supported on grid plate and their combined load is transferred to main vessel through core support 
structure. The function of the primary pipe is to supply sodium from the outlet of the primary sodium pump to grid 
plate. Core catcher is an in-vessel cooling device for post-accident heat removal of the core debris resulting from 
Beyond Design Basis Event of total instantaneous blockage of fuel sub-assembly. 
 The inner vessel in Prototype Fast Breeder Reactor (PFBR) which is at advanced stage of construction, 
consists of three thin shells viz., a lower cylindrical shell surrounding the core subassemblies, an intermediate 
toroidal-conical-toroidal shell called redan (which provides opening for stand pipes through which intermediate heat 
exchangers, primary sodium pumps, sodium purification line & cold pool level detector enter into cold pool) and an 
upper cylindrical shell of large diameter, surrounding the stand pipes as shown in Fig. 2. The redan joins the upper 
shell and lower shell [1]. There is a bottom flange that is bolted to the grid plate.  
 In Future Fast Breeder Reactor (FBR), the shape of the inner vessel is optimized with reduced upper & 
lower shell diameters and toroidal redan as shown in Fig. 3. The diameter of lower portion is reduced by 250 mm 
due to reduction in grid plate diameter and that of the upper shell is reduced by 360 mm due to reduction in pitch 
circle diameter of stand pipes and due to reduction in corresponding annular gaps in top shield. The redan, which 
connects the top and bottom cylindrical shells is changed to single toroidal shell due to its inherent higher buckling 
strength. Stress analysis as shown in Fig. 4 indicates that the reduced thickness, i.e. 15 mm instead of 20 mm at 
redan meets the entire structural requirement [2]. The entire inner vessel shells will be of uniform thickness 15 mm 
 
Fig. 1 : Reactor Assembly of  Future FBR 
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which removes the structural discontinuity and hence stress concentration. Buckling analysis shows (Fig. 5) that 
critical buckling load factor for this new geometry have higher safety margin as compare to old geometry in PFBR. 
There is weight reduction by 14% compared to PFBR inner vessel. The new shape accommodates in-vessel transfer 
port (IVTP), which was in the grid plate of PFBR. By transferring the port from grid plate to inner vessel, the core 
layout is made symmetrical in the grid plate. The bottom of the redan shell of inner vessel is welded to the grid 
plate.  
 
 
 
Fig. 4 Von-Mises Stress for Combined Loading in MPa 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Critical Buckling Mode Shape for Thermal 
and Pressure Loading 
 
 
 
 
 
 
 
 
 
 
Fig. 2: PFBR Inner Vessel Fig. 3: Inner Vessel for future FBR 
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 To achieve the intricate toroidal shape with specified dimensional tolerances, a comprehensive technology 
development exercise was undertaken for the manufacture of inner vessel sector. The objective of development was 
to finalize the design, demonstrate the indigenous manufacturing capability and reduce the time for manufacture of 
inner vessel of future FBR. This paper discusses the details of developmental activities carried out towards 
manufacture of large sized die and punch involving a number of trials, cold forming of sector of inner vessel, 
comprehensive global & local profile measurement using swing arm & other templates and non-destructive 
examination.  
2. Technology Development  
2.1 Configuration 
 For the technology development of inner vessel, a 30° sector of doubly curved toricone with a portion of 
upper cylindrical shell was manufactured. The thickness of inner vessel is 15 mm. The material for development of 
the sector chosen was austenitic stainless steel type 304L even though the material of construction of the inner 
vessel in the reactor is SS316LN, because of its tensile & forming behaviour similar to that of SS316 LN. Further, 
SS304L is cheaper and readily available in market. The dimensional tolerance on inner vessel sector was specified 
as ~0.2%D based on the functional requirements and it is tighter then the code requirement of ~ 1%D [3], where D 
is nominal diameter of the shell. The over all size of inner vessel sector considered for development is shown in Fig. 
6. Heat treatment for inner vessel sector after cold forming was not envisaged, since the percentage elongation due 
to cold forming is less than 10%. Further, dimensional stabilization heat treatment is also not specified, as 
dimensional stability of inner vessel is ensured by the provision of rigid ring stiffener at the top of the vessel and the 
inherent rigidity of the toroidal redan. The stages of technology development are explained below: 
2.2 Raw Material  
 Twelve numbers of SS 304L plates (size (mm): 6000 x 1500 x 15 thk.) were procured and supplied as free 
issue material to the industry for trial as well as for actual job. Since the required petal size for the job was worked 
out to be large, three plates were welded together to achieve the required size of the petal and NDE was carried out. 
For the inner vessel of the reactor, plates of higher width will be used so as to minimize longitudinal and 
circumferential seams in the sectors/petals of inner vessel redan. This is to avoid forming operation on weld joints.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Inner vessel sector (All dimensions are in mm) 
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2.3 Development of Die and Punch 
 The major activity involved in the development exercise was manufacture of die and punch. A large sized 
die and punch was made from Carbon Steel. The plates were cut on CNC cutting machine as per required toroidal 
profile. The cut plates were welded to obtain the initial die & punch (Fig. 7). Stiffeners are welded between these 
plates to strengthen the die and punch. Total weight of die and punch is nearly 22 tonnes.  
 
Fig.7 Manufacture of die and punch 
2.4 Challenges  
 The major challenges were the development of suitable die & punch, pressing the job and inspection of the 
profile. The spring back allowances of the petals were taken into account while developing the large sized die and 
punch based on the vast experience of the industry. The requirement is the formation of full profile in pressing 
operation using single set of die & punch, as no point pressing is permitted. Pressing of the toroidal redan was 
carried out gradually on 4000 t capacity press. The development of sector was carried out in two stages. First, a 
carbon steel plate of 15 mm thickness was pressed gradually as a trial job as shown in Fig. 8(a). After pressing of the 
carbon steel plates, the dimensions of the achieved profile was measured as shown in Fig. 8(b) using contact type 
rectilinear and curved template and it was found that the toroidal shape is very stiff geometry due to its double 
curvature and spring back is very minimum. Based on the feedback from the achieved profile on the formed carbon 
steel plates, the profile of the die and punch was corrected. Further, carbon steel plate and then SS plate were welded 
as liners over the die and punch to avoid contact of carbon steel with SS blanks while pressing. \ 
 In the second stage, SS 304L blank was pressed. The welded SS 304L blank was cut to the desired shape 
before loading on the press. Points are marked on the blank in a grid of 500 mm x 500 mm for measurement of 
thickness and profile. At top region where toroidal radius is small (180 mm), the grid size was reduced to record the 
profile precisely. After each trial, the dimensions achieved were reviewed and based on the feedback, the profiles of 
the die and punch were suitably modified.  
 
 
 
 
 
 
 
 
 
 
 
 
372   Gagan Gupta et al. /  Procedia Engineering  86 ( 2014 )  367 – 374 
 
 
Fig. 8(a) Carbon steel plate after forming 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8(b) Measurement of formed carbon steel plate 
 
2.5 Dimensional Inspection of SS Blank Trial Job 
 
 The dimensions of the pressed blank were measured comprehensively using swing arm & templates to 
obtain the global & local profiles respectively. The sizes of the contact type template viz., rectilinear & curved and 
non-contact type swing arm template are given in Table-1. Contact type templates were used for measuring the local 
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profiles and non-Contact type, swing arm template having 12 mm gap from the specified profile was used to 
measure the global profile.   
Table-1: Contact and Non-Contact Type template Size 
Contact type  
Sl No. Description 
Template 
No. 
Radius 
(mm) 
Chord Length 
(mm) 
1 Circumferential Inside Radius 
A 5810 1500 
C 3742 1500 
E 3035 1500 
2 
Formed Profile 
(Meridional direction) 
F 180 500 
G 5980 1000 
Non-Contact Type (Swing Arm Template)
 
 
The points P1 to P58 are the measuring points with spacing of 100 mm in meridional direction.   The achieved 
profile is within the specified tolerance limit. 
2.6 Actual Job and its Dimensional Inspection 
 
 The finalized die & punch were used for pressing the actual job. The dimensional inspection was carried 
out using the conventional swing arm template as shown in Fig. 9 & other templates.  
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Fig. 9 Measurement of global profile by Swing Arm Templates 
The dimensions achieved satisfy the design requirements. NDE examination viz., LPE of the entire weld joints after 
forming was carried out and found to be satisfactory. 
 
 
3. Lessons Learnt & Outcome of Development 
 
 The large sized die and punch were developed for pressing 30° Sector of inner vessel. Swing arm non-
contact type and rectilinear & curved templates for measuring the global & local profile were developed. The 
achieved profile of the inner vessel sector satisfies the design requirements. The successful completion of 
technology development activities for single toroidal inner vessel has demonstrated the indigenous manufacturing 
capability and given confidence for the design improvements incorporated in the reactor assembly components of 
future FBR. The manufacturing time and cost for inner vessel of future FBR will reduce significantly due to the 
technology development activity. 
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